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© Covalent attachment of specific binding members to a solid phase. 



@ The present invention provides novel methods 
for the covalent attachment of a specific binding 
member to a solid phase through the reaction of a 
thiotated solid phase and a specific binding member 

that is complexed to a heterobifunctional coupling ' ~ 

agent. The resulting immobilized specific binding 
member can be used in diagnostic binding assays. 
The invention enables the production of immotHtized 
specific binding m8mt>er5 which have increased sen- 
sitivity» specificity and stability, while requirir^ less 
specific binding member be used. 
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COVALENT ATTACHMENT OF SPECIHC BINDING MEMBERS TO A SOUO PHASE 



BACKGROUND OF THE INVENTION 



1 . Reld of the Invention 

The present invention relates to methods and 
reagents for the covalent attachment of specific 
binding members to a solid support In particular, 
the invention relates to the immobilization of spe- 
cific binding members on solid supports for use in 
diagnostic assays and separation procedures. 



2. Description of Related Art . 

Binding assays have found widespread applica- 
tion In the field of clinical diagnostics for the detec- 
tion and/or measurement of drugs, hormones, pro- 
teins, peptides, metat>oliles, microorganisms and 
other substances of interest, commonly referred to 
as analytes. in both biological and non-biological 
fluids. Binding assays incorporate specific binding 
members, typified by antilxDdy and antigen im- 
munoreactants, wherein one memtier of the spe- 
cific binding pair is labeled with a signal-producing 
compound (e.g., an antitjody labeled with an en- 
zyme; a fluorescent compound: a chemilumines- 
cent compound; a radioactive label; a direct visual 
lat>el: etc.). For example, in a binding assay the 
test sample suspected of containing analyte can be 
mixed with a \abe\ed anti-analyte antibody and in- 
cubated for the immunoreaction to occur. The reac- 
tion mixture is subsequently analyzed to detect 
either the lab>el associated with an antibody/analyte 
complex (bound label) or the labeled antibody 
which is not complexed with analyte (free label), 
thereby enabling the detection or measurement of 
the analyte in the test sample. 

Binding assays can be divided into two general 
categories known as homogeneous arwJ heteroge- 
neous assays. In the homogeneous assays, the 
signai produced by the bound label is different 
from the signal produced by the free label. As a 
result, bound and free label can be distinguished 
wittiout physical . separation of the individual reac- 
tants from the reaction mixture. 

A well-known homogeneous binding assay is 
the enzyme-multiplied immunoassay technique 
(EMIT) which is disclosed in U.S. Patent 3.817,837. 
In the EMIT assay, the analyte present in the- 
patient's lest sample and an enzyme-labeled an- 
alyte compete for a limited amount of anti-analyte 
antibody. The specific binding of the antibody to 
the analyte- enzyme conjugate modulates the con- 



jugate's enzymatic activity such that the enzyme 
activity is proportional to the amount of analyte in 
the test sample. Homogeneous binding assays 
have the advantages of being rapid, easy to per- 
5 form, and readily adapted to automation. Their dis- 
advantages are that they are susceptible to interfer- 
ences caused by non-analyte substances in the 
test sample, they are generally limited to assays 
for low molecular weight analytes. and they have a 

JO limited sensitivity. 

In a heterogenous binding assay, the signal 
produced by the bound label is indistinguishable 
from the signal produced by the free label; there- 
fore, the free label and the bound label must be 

15 separated from one another to distinguish between 
their respective signals. In some cases, the com- 
plex with which the bound label ts associated will 
substantially differ in molecular weight from the 
free labeled reactant so that centrifugation can be 

20 used to separate the heavier complex. 

An alternative to centrifugation involves attach- 
ing at least one of the binding assay's reactants to 
a solid support. The solid support can then be 
separated from the test sample and the remaining 

25 assay reagents to provide for the separation of the 
free and bound label. The separation of the solid 
support and reaction mixture can be accomplished 
either by drawing-off the remaining reaction mix- 
ture or by physically removing the solid phase from 

30 the reaction mixture. The solid support can also be 
treated or washed to remove interfering substances 
prior to the detection or measurement of the label 
associated with the solid phase. 

Longer incubation times may be required in the 

35 heterogeneous assay. This is because the kinetics 
of a reaction between a solid phase^bound specific 
binding member and its complementary binding 
partner tend to be slower than the kinetics of the . 
same reaction when both binding members are in 

40 solution. The heterogeneous assays, however, are 
in general more sensitive than homogeneous as- 
says and less prone to interterences, because in- 
terfering substances can t>e removed by the wash 
steps. 

45 Variations to this general solid phase separa- 

tion scheme have been developed, but they typi- 
cally involve the binding of the analyte to a specific 
binding member which is attached to a solid phase. 
Generally, specific binding members are attached 

50 to or immobilized on the solid phase by adsorption 
or covalent bonding. Adsorption results from the 
action of the solid phase in attracting and holding 
the specific binding member. With covalent bond- 
. ing. the specifrc binding member and the solid 
phase are chemically reacted to result in a bond 
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which immobilizes the specific binding member on 
the solid phase. 

The linkage between the solid phase and Ihe 
immobinzed specific binding, member can greatly 
affect the binding of that specific t>indtng member 
to the analyte. For example, antibodies have ex- 
tremely specific structurai, spatial and polar con- 
figurations which enable them to recognize and 
birKJ to a specific analyte (e,g., antigen). When 
antibodies are used in an assay for the detection of 
antigens, the antilxxiies may be the specific bind- 
ing members linked to the solid phase. The prox- 
imity of the solid ..phase to the antibody, however, 
can partially or completely block the sites on the 
anti'txxly to which the antigen binds. In addition, the 
linkage between the antibody and the solid phase 
can alter the conformation of the antibody and 
thereby affect the antibody*s ability to bind to the 
analyte. The same limitations hokJ for the linkage 
of other sp>ectftc binding members to a solid phase; 
the specific binding members may attach in a 
spectrum of positions ranging from complete steric 
hindrance of the binding site to unhindered access, 
and/or the conformation of the specific binding 
meml>er can change upon linking to the solid 
phase so that its complementary binding partner 
can no longer recognize it or bind to it As may be 
expected, the sensitivity of tt>e assay declines with 
increasing levels of steric hindrance and loss of 
reactivity. 

A conventional method for covalently attaching 
a proteinaceous specific binding member to a poly- 
meric solid phase involves the use of carbodiimide 
to crosslink the amine groups of the protein to the 
carboxyl groups on the surface of the solid phase. 
Alternatively, gluleraldehyde is used to crosslink 
the amines of the protein to surface bound amines 
on the solid phase. These crosstinking methods, 
however, are poorly controlled, often resulting in 
protein/protein crosslinking and non-specific reac- 
tions, such as the over-modification of the protein 
which may result in a decrease in the binding 
capacity of the specific binding member. In addi- 
tion, the protein that is so immot>i{)zed has poor 
reactivity, making it necessary to bind large 
amounts of the protein to the solid phase to obtain 
suitable assay sensitivity. 

There have been two main approaches to solv- 
ing the crosslinking problems associated with the 
heterogeneous assays. One approach has been to 
complete the reaction of the binding partners prior 
to the immobilization of the newly formed complex 
upon the solid phase. The other technique has 
been to extend the length of the linkage between 
the specific binding member and the solid phase. 
The linking or coupling agent must maintain the 
linkage during the chemical manipulations of the 
assay, as well as durir^ the physical manipulations 



of washing and separation steps. Extended length 
heterobifunctional coupling agents have been de- 
scribed in EP-A-314,127 (Abbott UtX)ratories). 
wherein the covalent attachment of specific binding 

5 members to the solid phase is accomplished using 
an extended length molecular chain having at least 
one linking group that is reactive with a chemical 
group on the solid phase and at least one linking 
group that is reactive with a chemical group on the 

w specific binding member. 



SUMMARY OF THE INVENTION 

;5 

The present invention provides methods for 
preparing thiolated solid phase materials and im- 
mobilized specific binding members. 

One form of immobilized specific binding 
20 member, produced by the present invention, is 
represented by the formula: 
B-R-X-R-M 

wherein B is a solid phase having an amino, car- 
boxyl or thiol group. The solid phase is attached to 

25 M, an aminated specific binding member, through 
R and R which are coupling agents (either 
heterobifunctional or homobifunctlonal) and which 
can be the same coupling agent. The couplirTg 
agents are crosslinked through a reaction with X, a 

oo dithio compound linked to R and R through 
thioethers. 

The immobilized specific binding member is 
prepared by first reacting the solid phase with a 
first coupling agent, thereby forming a solid 

as phase/coupling agent complex. The aminated spe- 
cific binding memt>er is reacted with a second 
coupling agent, thereby forming a specific binding 
member/coupling agent complex. The solid 
phase/coupling agent complex is then reacted with 

40 * a dithiol compound to form a thiolated solid 
phase/coupling agent complex. And. the thiolated 
solid phase/coupling agent complex is reacted with 
the specific binding member/coupling agent com- 
plex to form the dithioether crosslinked solid 

45 phase/specific binding member complex. Alter- 
natively, the specific binding member/coupling 
agent complex can be reacted with the dithiol com- 
pound to form a thiolated specific binding 
member/coupling agent complex, which is then 

50 reacted with the solid phase/coupling agent conrv 
plex to form the immobilized specific binding mem- 
ber. 

An alternative immobilized specific binding 
-member is represented by the formula: 
55 B-O-S-R-M 

wherein B is a solid phase having an amino or 
carboxyl group, wherein the solid phase is linked to 
R-M. a specific binding memtjer/heterobilunctional 
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coupling agent complex^ by a thiol introducing 
agent. Q-S. The thiol introducing agents include 
thiolanes. succinimidyl thioacetates and disulfide 
compounds which are subsequently reduced to a 
thiol. This immobilized specific tending member is 
made by reacting the solid phase with a thiol 
introducing agent to form a thiotated solid phase; 
reacting an aminated specific birwJing meml>er with 
a heterobilunctionat coupling agent, to form a spe- 
cific tjinding member/coupling agent complex; and 
then reacting the thiotated solid phase with the 
specific binding member/coupling agent complex 
to form the crosslinkod solid phase/specific binding 
member complex. ^ 

The present invention is also of use in forming 
a thiolated solid phase represented by the formula: 
B-R-XH 

wherein 6 is a solid phase having an amino, car- 
boxyl or thiol group. R is a heterobifunctional cou- 
pling agent and XH is ajJithio compound linked to 
R through a throether. The thiolated solid phase is 
made by reacting the solid phase with a 
heterobifunctionaJ coupling agent to form a solid 
phase/coupling agent complex and then reacting 
the complex with a dithiol compound to form a 
thiolated solid phase/coupling agent complex. 

The thiolated solid phase can also be prepared 
by reacting a solid phase with a disulfide com- 
pound to form a solid phase/disulftde complex 
which is then reacted with a reductant, whereby the 
disulfide is reduced to form a thiolated solid phase. 

The resulting immobilized specific binding 
member can be used in diagnostic binding assays. 
And. the immobilized specific binding member can 
optionally be incorporated into or onto a support 
medium. 



BRIEF DESCRIPTION OF THE DRAWINGS 



Ftg. t is a diagrammatical illustration of the 
modification of an amino-bearing specific binding 
member to include a thiol-reactive group using a 
maleimido-NHS active ester coupling agent, and 
the linking of that specific binding member/coupling 
agent complex to a thiolated solid phase. 

Fig. 2 is a diagrammaticaf illustration of the 
modification of an dmtno-t)earing specific binding 
member to include a Ihiol-reactive group using an 
active halogen-NHS active ester coupling agent, 
and the linking of that specific binding 
member/coupling agent complex to a thiolated sol- 
id phase. 

Fig. 3 is a diagrammatical illustration of the 
modification of an amino-bearing solid phase to 
include a thiol-reactive group using 2-iminolhiolane. 

Fig. 4 is a diagrammatical illustration of the 



modification of an amlno-bearlng solid phase with a 
dithiol compound to form a thiolated solid phase. 

Fig. 5 is a diagrammatical illustration of the 
preparation of a thiolated solid phase through the 
5 reduction of a disulfide group. 

Fig. 6 is a diagrammatical illustration of the 
modification of a carboxylated solid phase and the 
reduction of a disulfide group to form a thiolated 
solid phase. 

w Rg. 7 Is a diagrammatical illustration of the 

sulfhydryl crosslinking of a thiolated solid 
phase/coupling agent complex and a specific bind- 
ing member/coupling agent complex to form an 
immobilized specific binding member. 

DETAILED DESCRIPTION OF THE INVENTION 



The present invention provides novel nriethods 

20 for the covalent linkage of the specific binding 
member and the solid phase, such as the immo- 
bilization of a protein on a solid phase for use in an 
immunoassay. The method can be used to 
covalently crosslink two amino-containing compo- 

25 nents. These components include, but are not limit- 
ed to. antibodies, enzymes, peptides, ceils, hap- 
tens, small molecules, solid phases, liposomes, 
and polymers. The general methodology of the 
present invention involves the modification of the 

30 spedftc t>inding member and/or the solid phase to 
incorporate thiol-reactive functional groups. The ac- 
tivated specific binding member is then allowed to 
react with the thiolated solid phase to produce the 
covalent linkage. The specific methodologies, of the 

35 present invention differ in the means used to intro- 
duce the thiol groups to the solid phase. In another 
aspect of the present invention, both the solid 
phase and the specific binding member can be 
individually modified to include extended length 

40 heterobifunctional coupling agents, which in turn 
can be crosstinked through a dithiol compound. 

The present Invention provides greater control 
over the chemistry for the production of both de- 
rivatized solid supports and immobilized specific 

45 binding members. The invention enables the pro- 
duction of immobilized specific binding members 
which have increased sensitwity. specificity and 
stability, while requiring less specific binding mem- 
ber be used. In addition, the present invention may 

50 alter the surface charge of the solid phase, which 
in some instances eliminates the charge-related 
nonspeciTtc interactions which can occur in binding 
assays. The covalently bound specific binding 
member/solid phase compounds of the present in- 

55 vention can be used in both sandwich and competi- 
tive heterogeneous binding assays, in both forward 
and reverse assay techniques. 
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DQfinition3 

The following definitions are applicable to the 
present invention. 

The term "specific binding mennbef'*, as used 
herein, refers to a member of a specific binding 
pair, i.e., two different molecules where one of the 
molecules through chemical or pftystcal means 
specifically binds to Ifw second molecule. In addi- 
tion to antigen and antibody-specific binding pairs, 
other specific binding pairs include biotin and 
avidin. carbohydrates and lectins, complementary 
nucleotide sequences (including probe and capture 
nucleic acid sequences used in ONA hybridization 
assays to detect a target nucleic acid sequence}^ 
complementary peptide sequences including those 
formed by recombinant methods, effector and re- 
ceptor molecules, enzyme cofactors and enzymes, 
enzyme inhibitors and enzymes, and the like. Fur- 
thermore, specific binding pairs can include mem- 
bers that are analogs of the original specific bind- 
ing memt)er. For example, a derivative or fragment 
of the analyte. i.e., an analyte-analog, can be used 
so long as it has at least one epitope in common 
with the analyte. Immunoreactive specific binding 
memt>ers include antigens, haptens, antibodies, 
and complexes thereof including those formed by 
recombinant DNA methods or peptide, synthesis. 

* Analyte". as used herein, is the substance to 
be detected in or separated from the lest sample 
using the present invention. The analyte can be 
any substance for which there exists a naturally 
occurring specific binding meml>er or for which a 
specific binding member can be prepared. In addi- 
tion, the analyte may bind to more than on© spe- 
cific binding member. "Analyte" also includes any 
antigenic substances, haptens, antibodies, and 
combinations thereof. The analyte can include a 
protein, a peptide, an amino acid, a hormone, a 
steroid, a vitamin, a drug including those admin- 
istered for therapeutic purposes as well as those 
administered (or illicit purposes, a bacterium, a 
virus, and metabolites of or antibodies to any of the 
above substances. 

"Solid phase", as used herein, includes the 
material upon which a specific binding member can 
be immobilized for use in diagnostic assays, affin- 
ity chromatography and separation procedures. 
While the Examples which follow generally deal 
with microparticle solid phases made of polymeric 
materials, many other solid phase configurations 
are possible so long as the material includes or can 
be formed or derivatized to accept the requisite 
linking groups enabling the immobilization of a 
specific binding member. 

The solid phase can include, without limitation, 
polymeric or glass beads, microparticles, tubes, 
sheets, plates, slides, wells, tapes, test lubes, or 



the like. Natural; synthetic or naturally occurring 
materials that are synthetically modified, can be 
used as the solid phase including polysaccharides, 
e.g.. cellulose materials such as paper and cel- 

5 lulose derivatives such as cellulose acetate and 
nitrocellulose; silica; silicon particles; inorganic ma- 
terials such as deactivated alumina, or other irv 
organic finely divided material uniformly dispersed 
in a porous polymer matrix, with polymers such as 

10 vinyl chloride, vinyl chloride polymer with pro- 
pylene, and vinyl chloride polymer with vinyl ace- 
tate: polyethylene; cloth, both naturally occunring 
(e.g., cotton) and synthetic (e.g.. nylon); porous 
gels such as silica gel; polymeric films such as 

15 potyacrytates: and the like. It will be readily appar- 
ent to those skilled in the art that a variety of solid 
phase materials can be adapted for use in accor- 
dartce with the present invention. 

In addition, a solid phase prepared in accor- 

20 dance with the present invention can be incor- 
porated within or upon a separate support medium. 
Support media include any suitable absorbent, 
chromatographic, bibulous, porous or capillary ma- 
terial. For example, the support media can include 

25 a fiberglass, cellulose or nylon pad for use in a 
flow-through assay device as described in co-own- 
ed and copending European Patent Publication No. 
217.403 published April 8. 1987. The device dis- 
closed therein comprises a substantially planer lay- 

30 er of material having a porous matrix of fibers, 
upon which are immobilized a plurality of substan- 
tially spherical microparticles bearing an immobi- 
lized specific binding member. Similariy. a dipstick 
for a dip and read assay or a test strip for 

35 chromatographic (e.g.. paper or glass fiber) or thin 
layer chromatographic (e.g., nitrocellulose) tech- 
niques can be used. 

The tenn "test sample", as used herein, in- 
cludes a naturally occurring or artificially lormed 

40 liquid test medium suspected of containing the 
analyte of interest. In diagnostic assays, the test 
sample is generally a biological fiuid or a dilution 
thereof- Biological fluids from which an analyte can 
be determined include serum, whole blood, plas- 
ms ma, urine, saliva, amniotic and cerebrospinal fluids, 
and the like. The reagents and methods of the 
present invention can also be designed to deter- 
mine food product and environmental anafytes of 
interest. 

50 The term "coupling agent**, as used herein, 
includes bifunctional crosslinking or coupling 
agents, i.e.. molecules containing two reactive 
groups or "ends", which may be tethered by a 
spacer. The reactive ends can be any of a variety 

55 of functionalities including, but not limited to: amino 
reacting ends such as n-hydroxysuccinimide (NHS) 
active esters, imidoesters. aldehydes, epoxides, 
sulfonyl haiides, isocyanate. isothiocyanate. and 
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nitroaryl haiides; and thiol reacting ends such as 
pyridyl disulfides, maleimides. thi'ophthafimides. 
and active halogens. The heterobifunctional cros- 
slinking reagents have two different reactive ends, 
e.g., an amino-reactive end and a carboxyl-reactVe 
erwi. while homobifunctional reagents have two 
similar reactive ends. 

Commercially available heterobifunctional 
reagents for use in the present invention include, 
but are not limited to, the malefmido-NHS active 
esters coupling agents such as m- 
maleimidobenzoyl-N-hydroxy-succinimide ester 
(MBS): succinimidyl 4-(N-maleimidomethyO- 
cycIohexane-1-carbpxylate (SMCC); succinimidyl 4- 
(p- maleimidophenyl)butyrate (SfwIPB) and deriva- 
tives thereof, including sulfosuccinimidyl derivatives 
such as sulfosuccinim)dyl-4-(N-maleimido-methyl) 
cyclohexane-t-carboxylate (sulfo-SMCC); m- 
maJeimidobenzoyl-suKosucdnimide ester (sulfo- 
MBS) and sulfosuccinimidyl 4-{p-maleimldophenyl)- 
butyrate (sulfo*SMPB). * 

Other heterobtfunctionai reagents include the 
comnriercially available active haiogen-NHS active 
esters coupling agents such as N-succinimidyl 
bromoacetate and N-succinimidyl (4-iodoacetyl)- 
aminobenzoate (SlAB) and the sulfosuccinimidyl 
derivatives such as sulfosuccinimidyl (4- 
iodoacetyl)aminoben2oate (sulfO'SlAB). 

Another group of coupling agents is the 
heterot>ifunctional and thiol cloavable agents such 
as IM-succinimidyl 3-(2-pyridylthio)propionate 
(SPDP). Thiol deavable agents, such as N, n'- 
didansyl-L-cysline and L-cystine dimethylester 
dihydrochloride, can also be used. 

Yet another group of couplir>g agents includes 

the extended length heterobifunctional coupling 

agents described in Applicaaon EP-A-314.127. The 

extended length heterobifunctional coupling agents 

include maleimido-NHS active ester reagents 

wherein the spacer is represented by the formula; 
O 

- (Xnh C- R- 

wherein the X is a substituted or unsubstituted 
amino acid, having from three to ten carbon atoms 
in a straight chain; n is from one to ten; and R is an 
aikyi, cycloalkyi, alkyl-cycloalkyi or an aromatic 
carboxylic ring. The term aikyl-cycfoaJkyI includes 
aikyi groups linked to cycloalkyi ring structures 
where the alky* group links the cycloalkyi to a 
maieimide or carbonyl group. The term alkyi ir>- 
cludes straight or branched alkyI groups, preferably 
lower alkyI groups having from one to six carbon 
atoms. 

K a spacer is present to tether the two reactive 
groups of the coupling agent, the spacer can be 
any molecular chain that is non-reactive, stable and 
non-binding to the anatyte or other specific binding 
members with which it will be used. The length of 



the spacer can be varied and can range from the 
size of a single atom to the sizes disclosed in EP- 
A-314.127 or larger. 

The term "thiol introducir^g agent", as used 

5 herein, includes but is not limited to thioianes (such 
as .2-iminothioIan8), succinimidyl thioacetates (such 
as N-succinimidyl-S-acetyllhioacelate), and disul- 
fide compounds which are subsequently reduced 
to a thiol The thiol introducing agents can be used 

ro to activate spedfic binding members and solid 
phase materials for their subsequent reaction with a 
thiol-reactive group. 

The choice of a coupling agent or thiol in- 
troducing agent depends upon the acceptable per- 

;5 fonmance of that particular agent with the particular 
solid phase and specific fcMnding member to be 
used in the diagnostic assay. Therefore, it will be 
appredated by those skilled in the art that the 
coupling agent or thiol introducing agent used in a 

20 given assay will generally be determined empiri- 
cally. In addition, the specific binding member will 
include one or more amino, carboxyl or thiol 
groups or can be derivatized by the incorporation 
of an amino, cartwxyl or thiol group thereby en- 

25 abling the reaction of the specific binding member 
with a coupling agent or thiol introducing agent. 
"Activated species" refer to specific binding mem- 
bers and solid phase materials which contain a 
reactive group through the incorporation of a cou- 

30 pling agent, for example, the activation of a protein 
with sulfo-MBS, Proteinaceous specific binding 
members with cysteine residues . at the protein's 
active site can have their activity decreased by the 
addition of a coupling agent, therefore the cysteine 

35 residues in the active site must be protected, by 
means known in the art. prior to reacting the pro- 
tein with the coupling agent. 



P^^P^^'^^o" of activated or derivatized solid phases 
and immobilized specific binding members 

The general methodology of the present inven- 
tion involves the modification of a solid phase by 

45 the introduction of thiol groups. A specific binding 
memt>er, e.g.; a protein antigen, is a/so modified to 
contain thiol-reactive functional moieties such as 
maleimides or active halogens. The derivatized 
spedfic binding member is then added to the 

50 thiolated solid phase and reacted to produce a 
covafent linkage. 

Two methods by which a specific binding 
member bearing an amino group can be modified 
to contain a thiol-reactive functional group are dia- 

55 grammatically illustrated in Figures I and 2. In 
particular. Figure 1 illustrates the activation of a 
protein specific binding member through the use of 
a maleimido-NHS active ester heterobifunctional 
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reagont to incorporate a thiol-reactive group on the 
protein. The R in the coupling agent represents 
alkyl. cycJoalkyl, alkyl-cycloaikyi or an aromatic 
carboxylic ring as described above. The Z in the 
coupling agent typically represents a hydrogen 5 
atom, or optionally represents an inert polar group 
such as SO^~ which imparts the characteristic of 
water solutHNty upon the coupling agent. In a sec- 
ond step, the activated specific binding member is 
then reacted with and links to a thiotated solid fo 
phase. 

Referring to Figure 2, the specific binding 
member is reacted with an active halogen-NHS 
active ester heterobifunctionaJ reagent, wherein R 
and Z are defined as described above. In a second is 
step, the specific binding member/coupling agent 
complex is then reacted with and linked to a thiolat- 
ed solid phase. 

Methods for introducing thiol groups to the 
solid phase, such as an aminated or carboxylated 20 
polystyrene latex particle, are diagrammatically il- 
lustrated in Figures 3 through 6. Rgure 3 repre- 
sents the use of a thiol introducing agent, e-g.. 2- 
tminothiolane, which is reacted with the aminated 
solid phase to form a thiolated solid phase. 25 

Rgure 4 represents the reaction of an aminated 
solid phase with an active halogen-NHS active es- 
ter heterobifunctional reagent, wherein R and Z are 
defined as described above and 1 is a sample 
halogen. The resultant solid phase/coupling agent 30 
complex is then activated by reacting the complex 
with a thiol introducing agent, e.g., a dithiol com- 
pound represented by HS-X-SH. to produce a 
thiolated solid phase. As with the preparation of the 
specific binding member/coupling agent complex in 35 
Fig. t, a thiolated solid phase/coupling agent com- 
plex can also be prepared through the use of a 
maleimido-NHS active ester heterobifunctional 
reagent, 

Rgures 5 and 6 represent the use of disulfide 40 
compounds to modify either an aminated or car- 
boxylated solid phase. R and Z are defined as 
desaibed above. Following the reaction of the di- 
sulfide compound with the solid phase, the disul- 
fide compound is reduced by the addition of a 45 
reductant to form a thiolated solid phase. The disul- 
fide compounds are represented by the structure 
-R-S-S-R . The reductants for use in the procedure 
. include any substance capable of reducing the 
disulfide group to a thiol. Thus, the reductants so 
include but are not limited to. thiols, borohydrides. 
metal hydrides and hydrogen gas with a catalyst. 
As an alternative to the reaction of a carboxylated 
solid phase and an amino-containing disulfide com- 
pound represented in Figure 6, the solid phase can 55 
contain or be activated to include the amino group 
and the disulfide compound can include the car- 
boxyl group. 



Both the solid phase arxJ the specific binding 
member can be modified to include a coupling 
agent, the coupling agents providing the required 
amino, thiol or carboxyl groups. One of the modi- 
fied components, such as the solid phase/coupting 
agent complex, is then treated with a dithiol com- 
poufKJ to introduce sulfhydryl groups to the compo-. 
nent thereby forming a thiolated solid 
phase/coupling agent complex. Finally, the specific 
binding member/coupling agent complex is added 
to the thiolated solid phase/coupling agent complex 
to form a CTOSSlinked product. 

An example of the sulfhydryl linkage of a spe- 
cific binding member/coupling agent complex and 
a solid phase/coupling agent complex is diagram- 
matically illustrated in Rgure 7. An arrwnated mici'O- 
partlcle is represented in the upper left portion of 
the illustration. The solid phase microparticles in- 
clude commercially available latex microparticles 
bearing amino groups, as well as microparticles 
which have been modified or activated to contain 
amino groups. The microparticles are mixed with a 
heterobifunctional coupling agent, e.g.. sulfo-MBS, 
to produce a microparticle/coupling agent complex. 
The microparticie/coupling agent complex is then 
reacted with a dithiol compound, e.g., dlthlothroitol 
(OTT), to [Droduce a thiolated microparticle/coupling 
agent complex. An aminated protein, such as an 
amine group bearing antigen, is represented in the 
upper left portion of the illustration. The protein is 
also linked to a heterobifunctional coupling agent to 
produce a protein/coupling agent complex. Lastly, 
the thiolated microparticle/coupling agent complex 
and the protein/coupling agent complex are reacted 
to produce a dithioether crosslinked mtcroparticle 
and protein, i.e.. an Immobilized specific binding 
member. 

" EXAMPLES 



The following examples describe methods for 
synthesizing the novel activated solid phase pro- 
ducts (i.e., the thiolated solid phase/coupling agent 
complex) and the immobilized specific binding 
member products of present invention. 

L Protein ImmoWllzatlon Through Dithioether 
Linkages 

Example 1 



Preparation of Recombinant HIV-1 gp-4i Derivatiz 
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ed Mtcropartictes 



a) Preparation of Thiclated Microparticles 

A 3.0 ml suspension of amino-microparticies 
(3u diameter, 2.5% soHds.Polysciences, Inc., War- 
rington, PA) was placed into a 15 ml polypropylene 
centrifuge tube and centrifuged at 3000 rpm for 10 
minutes. The supernatant was decanted and dis- 
carded. The micropartide pellet was resuspended 
in 3.0 ml of 10 mM phosphate buffered saline. pH 
7.2 (PBS) by vortexlng until the suspension was 
homogeneous. A 0.3 ml solution of N- 
maleimidot>enzoyl-N-hydroxysulfo-sucdnimide es- 
ter (sulfo-MBS. Pierce Chemical Co., Rockford. IL), 
10 mg per ml PBS. was added to the microparticle 
suspension, and the mixture was allowed to react 
for 1 hour; at room temperature (20-25 *C) with 
end-over-ond rotation. The mixture was centrifug- 
ed .and the supernatant was decanted and discard- 
ed. The mateimido-microparticle pellet was washed 
by resuspension in 10 ml of PBS with vortexing, 
centrifugir>g, and then decanting the supernatant 
The washing process was performed three times. 
The micropart'cte pellet was then resuspended in a 
10 ml solution of 0.1 M dithiothreitol in PBS. the 
microparticle suspension was mixed at room tem^ 
perature by end-over-end rotation for 1 hour. The 
suspension was centrifuged. and the supernatant 
was decanted and discarded. The thiolated micro- 
particles were resuspended in a 10 ml solution of 
0.1% (v/v) of Tween® -20 in PBS. by vortexing, to 
achieve a homogeneous suspension. The mixture 
was then centrifuged. and the supernatant was 
discarded. The resuspension in 0.1% Tween® - 
20/PBS. centrifugation. and supernatant decanting 
steps were repeated for three additional cycles. 
The thiolated microparticle pellet was then re- 
suspended with PBS to a final volume of 3.0 ml. 
The thiolated microparticles reacted optimally wlien 
used within 3 hours of removing the dithiothreitol. 



b) Activation of Recombinant HIV-I gp4l with 
sulfo-MBS ~ 

A 1^ ml solution of 0.3 mg protein in 1,8% 
sodium dodecyl sulfate (SDSyPBS (w/v) was 
placed in a reaction vessel. The protein specific 
binding member was an HIV antigen. Exemplary 
HIV proteins include the recombinant protein con- 
structs such as p24 and gp41 sequences known in 
the art. A 1.0 ml solution of 30% Tween® -20 in* 
PBS (v/v) was added, and the solution mixed, fol- 
lowed by the addition of 20 ug sulfo-MBS in 0.8 ml 
PBS to produce a specific binding 



member/coupling agent complex. The solution was 
again mixed and allowed to set at room tempera- 
ture for 1 fK)ur. 

5 

c) Covalent Unking of MaleimidobenzoyI Activated 
HiV-1 gp41 to Thk>iated Microparticles 

The activated protein (3.0 ml from Example 1. 

TO b) was combined with the suspension of thiolated 
microparticles (3.0 ml from Example 1. a). The 
mixture was alkywed to react at room temperature 
overnight (14 to 18 hours) while rotating end-over- 
end. The protein coated microparticle suspension 

15 was centrifuged, as described in Example 1. a, and 
the supernatant was decanted and discarded. The 
pellet was resuspended in 10 ml of 10 mM 2- 
mercaptoethanol by vortexing. and the mixture was 
then rotated end-over-end for 1 hour. The suspen- 

20 sion was centrifuged and the supernatant discard- 
ed. The microparticle pellet was washed by 4 cy- 
cles of resuspension in 10 ml of 0.1% Tween® -20 
in PBS (v/v). centrifugation. and then decanting the 
supernatant The particles were then resuspended 

25 in PBS with 0.1% sodium azide (w/v) to 10 ml of a 
0.75% solids susper^sion. The immobilized specific 
binding member preparation was stored at 4 to 
8'C. 

30 

Example 2 



05 Preparation of Recombinant HIV-l p24 Coated 
Microparticles 



40 a) Activation of Recombinant HIV-1 p24 with sulfo- 

mbI 

A solution of 375 ug p24 in 0.5 ml of 0.5% 
SDS/PBS (w/v) was heated at 45* C for 20-30 min- 

45 utes. After heating, additions of 0.5 ml of 30% 
Tween© -20 in PBS {wN) and 0.5 ml of PBS 
corrtaining 60 ug sulfo-MBS were made to the 
protein solution. The reaction mixture was vortexed 
and set at room temperature for 1 hour to produce 

50 the specitk; binding member/coupling agent com- 
plex. 

b) Covalent CoupHng of Derivatized p24 to Thiolat- 
55 id Microparticles 

A suspension of 3.0 ml of thiolated micropar- 
ticles (as described in Example l. a) was cen- 
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tnfuged and the supernatant discarded. The pellet 
was resuspended in the activated p24 solution with 
vortexing, and was mixed by end-over-end rotation 
at 20-25* C for 14-18 hours. The suspension was 
then centrifuged. and the supernatant discarded. s 
The p24 coated micropartlcle pellet was resuspen- 
ded in 10 ml of 10 mM 2-mercaptoethanol and 
mixed by end-over-end rotation at 20-25 'C for 1 
hour. The suspension was again centrifuged and 
the supernatant discarded. The pellet was then to 
washed with 4 cycles of resuspension in 10 ml of 
0.1% Tween* -20 in PBS (v/v). centrrfugation. arnJ 
discarding the supernatant The pellet was re- 
suspended in PSt containing 0.1% sodium azide 
(wA/) to a volume of 10 ml, and the immobilized js 
specific binding member was stored at 4-8* C. 



Example 3 

20 



Preparation of Recombinar^t HIV Protein-Coated 
Microparticles Using Urea Activation of the Protein 

25 



a) Activation of Recombinant HIV Protein with 
sulfo-MBS 

30 

A solution of 600 ug of HIV protein :n 55 ul of 
8M urea was placed in an appropriate vessel. To 
this» 40 ug of sulfo-MBS In 40 ui of 8M urea were 
added. The solution was thoroughly mixed and set 
at room temperature for 1 hour. 35 



Preparation of Recombinant HIV-1 gp4i Derivatized 
h/licroparticles Using sulfo-SMCC In Micropartlcle 
Thiolation 



The immobilized specific binding member was 
made substantially in accordance with the protocol 
described in Example 1 using sulfo-SMCC coupling 
agent (Pierce) instead of sulfo-MBS in the prepara- 
tion of the thiolated microparticles. 



Example 5 



Preparation of Recombinant HIV-1 gp4l Derivatized 
Microparticles Usir>g sulfo-SlAB in Microparttcle 
Thiolation 



The immobilized specific binding member was 
made substantially in accordance with the protocol 
described in Example 1 using sulfo-SlAB (Pierce) 
instead of sulfo-MBS in the preparation of thiolated 
micro particles. 

Example 6 



Preparation of Recombinant HIV-1 gp4l Derivatized 
Microparticles Using SIAB in Microparticie Thiola- 
tion 



b) Covalent Coupling of Recombinant HIV Protein 
to Thiolated Microparticles ~ 

Activated protein, from Example 3. a, was ad- 
ded to a 3.0 ml suspension of thiolated micropar- 
ticles from Example l. a. The suspension was 
incubated at 20-25* C for 14-18 hours with end- 
over-end rotation. The protein coated microparti- 45 
cles were then centrifuged, treated with 2-mercap- 
toethanol. washed, resuspended, and stored sub- 
stantially in accordance with the procedure de- 
scrit)ed in Example l . c. 



11. Protein tmmobfllzatlon Through Dtthloether 
Linkages Using Alternate Heterobifunctlonal 
Reagents in Microparticie Thiolation 



Example 4 



A 3.0 ml suspension of amino-microparticles 
was centrifuged at 3000 rpm for 10 minutes. The 
supernatant was rerfioved and discarded. The pel- 
let was resuspended in 3.0 ml of a 1:1 mixture of 
PBS and dimethylsulfoxide (DMSO) by vortexing, A 
0.3 ml solution containing 3.0 mg SIAB (Pierce) in 
DMSO was added to the suspension which was 
then mixed by end-over-end rotation at 20-25 C 
for one hour. The suspension was centrifuged and 
the supernatant discarded. The iodoacetyi micro- 
particles were washed using 3 cycles of resuspen- 
sion in 10 ml of PBS, centrifugation, and removal of 
the supernatant. The pellet was then resuspended 
in a 10 ml solution of O.l M dithiothreitol in PBS. 
The suspension was mixed for one hour at 20- 
25 *C, then centrifuged and the supernatant dis- 
carded. The thiolated microparticles were washed 
as described atjove using 4 cycles with lO ml of 
0.1% Tween® -20 in PBS (v/v) in each cycle. The 
particles were then resuspended in 10 ml of PBS. 
The preparation of the protein/coupling agent com- 
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plex and its crossHhking to Iho thiolated micropar- 
ticles were repeated sut>stantialfy in accordance 
with the procedures of Example 1 . b and c 



Exampte 7 



Preparation of Recombinant HIV-1 gp41 Derivattzed 
Micropartictes Using SMCC in Microparticie Thiota- 
tion 



The immobilized specific binding member was 
made substantiaily in accordance with the protocol 
described in Example 6 using SMCC (Pierce) in- 
stead of StAB in the preparation of thiolated mtcro- 
particles. 

Example 8 



Preparation of Recombinant HIV-1 gp>41 Derivatized 
Microparticles Using a 16 Atom Heterobifunctional 
Linker Group in Mlcroparticle Thiolation 

The immobilized specific binding member was 
made substantially in accordance with the protocol 
descritjed in Example 6 using the 16 atom 
maieimido-n-hydroxysuccinimidyl active ester com- 
pound described in EP-A-314,127 instead of SIAB. 



Example 9 



Preparation of Recombinant HIV-I gp4l Derivatized 
Micropartictes Using a 23 Atom Heterobifunctional 
Unker Group in Microparticle Thiolation 



The immobilized specific binding member was 
made substantially in accordance with the protocol 
described in Exampte 6 using the 23 atom 
maleimido-n-hydroxysuccinimidyl active ester com- 
pound described in EP-A-314.127 instead of SIAB. 



Example 10 



Preparation of Recombinant HIV-1 gp4l Derivatized 



Microparticles Using a 30 Atom Heterobifunctional 
Unker Group in Mlcroparticle Thiolation 

5 The immobilized specific binding member was 

made substantially in accordance witii the protocol 
desCTibed in Example 6 using the 30 atom 
maJeimido-n-hydroxysuccinimidyl active ester com- 
pound described in EP-A-314,127 instead of SIAB. 

70 

lit Protein Immobilization Through DIthioether 
Linkages Using Alternate Heterobifunctional 
Reagents In Protein Activation 

75 

Example 1 1 



20 

Preparation of Recombinant HIV-1 gp4l Derivatized 
Microparticles Using sulfo-SMCC Activated gp4i 



25 The immobilized specific binding member was 

made substantially in accordance with the protocol 
of Example 1 using sulfo-SMCC instead of sulfo- 
MBS in the activation of recombinant gp4l de- 
scribed in Example 1 . b. 

30 

Exampte 12 



35 

Preparation of Recombinant HIV-1 gp4i Derivatized 
Micropartictes Using sulfo-SlAB Activated gp4l 

40 The immobilized specific binding member was 
made substantially in accordance with the protocol 
of Example 1 using sulfo-SlAB instead of sutfo- 
MBS in ttie activation of recombinant gp41 de- 
scribed in Example 1 . b. 

Example 13 



so 

Preparation of Recombinant HIV-l gp4l Derivatized 
Microparticles Using SMCC Activated gp4l 



55 A 1 .0 ml solution of 0.3 mg protein in PBS was 

mixed with 2,0 ml of DMSO containing 20 ug of 
SMCC. The solution was mixed and set at 20-25* C 
for 1 hour to produce the specific binding 
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member/coupling agent complex. The preparation 
of thiolated mtCToparticIes and the protein-lo-micro- 
particfe coupling procedures were repeated as de- 
scribed in Example 1 a and c,^ respectively. 



Example 14 



Preparation of Recombinant HIV-l gp41 Derivatized 
Microparticles Using SIA8 Activated gp4l 



The immobilized specific binding member was 
made substantfalty in accordance with the protocol 
described in Example 13 using SIAB instead of 
SMCC in the derivatization of recombinant gp41. 



Example 15 



Preparation of Recombinant HIV-l gp4l Derivatized 
Microparticles Using a 30 Atom Heterobifunctional 
Linker Modified gp4l 



The immobilized specific binding member was 
made substantiaiiy in accordance with the protocol 
described in Example 13 using the 30 atom 
maleimido-n-hydroxysuccinimidyl active ester com- 
pound, described in EP-A-314,127 instead of 
SMCC in the activation of recombinant gp4l . 



IV. Protein tmmoblHzation with Microparticles 
Thiolated by 2-lmlnothlolane 



Example 16 



Covatent Binding of Recombinant HIV-l gp41 to 
Microparticles Thiolated by 2-Iminothiolane 



a) Preparation of Thiolated Microparticles 

A 3,0 ml suspension of amino-microparticles 
(3a diameter. 2.5% solids in deionized water; Poly- 
sciences Inc.) was added to a 15 ml. ice cold 
solution of 50 mM N-methylmorpholine. pH 6.5. To 
this was added 9.0 ml of ice cold 0.1 M sodium 
bicarbonate containing 90 mg of 2-iminothiolane 



(Pierce Chemical Co.). The suspension was mixed 
at room temperature (20-25 *C) for one hour by 
continuous rotation, centrifuged at 4,500 rpm for 1 0 
minutes, and the supernatant was removed and 
5 discarded. The pellet was washed by 3 cycles of 
resuspending in 30 ml of 0.05% Tween® -20 in 
PBS (v/v) with vortexing, centrifuging. and discard- 
ing the supernatant. The thiolated microparticles 
were left as a pellet, and used within 1 hour. 

TO 

b) Activation of Recombinant HIV-l gp4l with . 
sulfo-MBS 

;5 A 2.0 ml solution of PBS containing 20ug of 
suKo-MBS was added to a 1.0 ml solution of 250 
ug of gp4l in deionized water for the preparation of 
ihe specific tending member/coupling agent com- 
plex. The mixture was vortexed. then set at room 

20 temperature for 1 hour. 



c) (^ovalent Coupling of Derivatized gp4l to 
Thiolated Microspheres 

25 

The activated protein solution, of Example 16. 
b. and 2.0 ml of PBS were added to the thiolated 
microsphere pellet of Example 16, a. The particles 
" were resuspended with vortexing and the suspen- 
se sion was mixed by end-over-end rotation at 20- 
25 'C for 14-18 hours. The suspension was cen- 
trifuged. treated with 2-mercaptoethanol. washed, 
resuspended, and stored substantially in accor- 
dance with the protocol described in Example i .c. 

Example 17 



40 

Preparation of Peptide Derivatized Microparticies 
Using 2-lminotholane for Microparticle Thiolation 

45 A solution of 430 ug of an amine containing 

synthetic peptide (20-30) amino acid residues) in 
iSOuJ of PBS was added to 3,0 ml of thiolated 
microparticles. prepared as described in Examp/e 
16. a. To this suspension. 75ul of a 1 mg SIAB per 

50 ml methanol solution was added, and the mixture 
was rotated end-over-end at 20-25 'C for 14-18 
hours. The derivatized microparticles were then 
centrifuged. washed, resuspended, and stored sub- 
stantially in accordance with the protocol described 

55 in Example i. c. 

V. Protein Immobilization with Microparticles 
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Tblotated Using Disulfides 



Example 19 



Preparation of Recombinant HIV-1 gp41 Derivatized 
Micropartlcles Using SPOP rn Microparticle Thiola- 
tion 



The immobilized specific binding member was 
made substantially in accordance with the protocol 
described in Example 6 using SPOP (Pierce) in- 
stead o( SIAB in the preparation of the Ihiolated 
microparticles. 



Example 19 



Covalent Binding of Recombinant HIV-1 gp4t to N- 
(5-dimethylaminonaphthalene-l-sulfonyl)-cysteine 
(Dansyl-cys) Derivatized Microparticles 

A 5.0 ml solution of 10 mg/ml N, N -didansyl-L- 
cystine (Sigma, SU Louis. MO) in 1:K DMS0:5 mM 
2-(N-MorphoUno)-ethanesuifonic acid (MES, Sig- 
ma), pH 5.0 was added to a 5.0 ml suspension of 
amino-microparticles. Five milligrams of l-Ethyl-3- 
(3-Oimethyl-aminopropyl) carbodiimide hydrochlo- 
ride (EDC, Pierce) in 0.5 ml deionized water were 
added to the microparticle suspension. The mixture 
was rotated, end-over-end. at 20-25* C for 2 hours. 
A second aliquot of 5 mg EDC in 0.5 ml deionized 
water was added, and the suspension was rotated 
another 2 hours. The derivatized microparticles 
were centrifugcd. and the supernatant was dis- 
carded. The pellet was then resuspended in 15 ml 
of 0-1 M dithiothreitol and rotated, end-over-end. 
for 1 hour. The suspension was centrifuged, and 
the supernatant was decanted and discarded. The 
thiolated microparticles were washed with 4 cycles 
of resuspending in 15 mi of 0,1% TweenO -20 in 
PBS. centrifuging, and discarding the supernatant 
The pelleted microparticles were then resuspended 
to a volume of 5,0 ml with PBS. The preparation of 
the gp4l specific binding member/coupling agent 
complex and its crosslinking to the thiolated micro- 
panicles were repeated substantially in accordance 
with the protocol described in Example 1. b and c. • 



Example 20 



Covalent Binding of Recombinant HIV-i gp41 to . 
Mercaptoethylamine Derivatized Microparticles 



5 

a) Preparation of Mercaptoethylamine Derivatized 
Microparticles 

A 0.6 ml suspension of carboxylated micropar- 

10 tides (0.49U diameter. 2.5% solids. Polysdences) 
was centrifuged at 10,000 x g for 5 minutes. The 
supernatant was aspirated and discarded. The pel- 
let was resuspended in l.O ml of 0.1 M cystamine 
(Sigma), 5 mM MES. pH 5.0. A 0.2 ml solution 

rs containing 2 mg EDC in deionized water was ad- 
ded to the suspension, which was then vortexed 
and rotated, end-over-end. at 20-25* C for 14-18 
hours. The suspension was centrifuged, and the 
supernatant was discarded. The cystamine de- 

20 rivatized microparticles were then washed with 3 
cycles of resuspending in 1.0 ml of 0.1% Tween© 
-20 in PBS. centrifuging, and discarding the super- 
natant The pellet was then resuspended in l.O ml 
of 0.1 M dithiothreitol in PBS and rotated, end- 

25 over-end. at 20-25 'C tor i hour. The suspension 
was centrifuged, the supernatant discarded, and 
the mercaptoethylamine derivatized microparticles 
were washed as described above. The pellet was 
then resuspended with 0.6 ml of PBS. 

30 

b) Covalent Unking of Maleimidobenzoyi Activated 
Fiiv-l gp4l to Thiolated Microparticles 

35 The protein was activated substantiaily in ac- 
cordance with the protocol described in Example 1 . 
b. A 0.3 ml aliquot of the gp41 specific binding 
member/coupling agent complex was added to 0.3 
ml of the mercaptoethylamine derivatized micropar- 

40 tides from Example 20. a. The suspension was 
rriixed by vortexing. then rotated, end-over-end. at 
20-25' C for 14-18 hours. The suspension was cen- 
trifuged, and the supernatant was aspirated and 
discarded. The pellet was resuspended in 1 .0 ml of 

45 10 mM 2-mercaptoethanol and rotated, end-over- 
end, for l hour. The suspension was centrifuged, 
the supernatant discarded, and the protein coated 
microparticles were washed with 4 cycles of re- 
suspending in 1.0 ml of 0.1% TweenO -20 in PBS, 

50 centrifuging. and discarding the supernatant. The 
mtcroparticfes were resuspended in l.O ml of PBS 
and stored at 4 to 8 ' C. 



55 Example 21 
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Covalent Binding of Recombinant HIV-1 gp4l to U- 
Cysteine-O-methyl ester Derlvatized Microparticles 

The immobilized specific binding member was 
made substantially in accordance with the protocol 
described in Example 20 using L-cystine 
dimethylester dihydrochloride (Sigma) instead of 
cystamine to prepare the microparticies. 

It will be appreciated by one skilled in the art 
that the concepts of the present invention are 
equally applicable to the crosslinking of many other 
specific binding memt>ers, sofid phase materials 
and coupling agents. The emt)odimenls described 
herein are intended as examples rather than as 
limitations. Thus, the description of the invention is 
not intended to limit the invention to the particular 
embodiments described in detail, but it is intended 
to encompass all equivalents and subject matter 
within the spirit and *scope of the invention as 
described above and as set forth in the following 
claims. 



Claims 

1. An immobilized specific binding member, 
comprising a compound of the formula: 

b-r-x-r'-m 

wherein B is a solid phase having a reactive mem- 
ber selected from the group consisting of amino, 
carboxyl and thiol groups; 
M is an aminated specific binding member; 
R and R are coupling agents selected from the 
group consisting of heterobi functional and homo- 
bifunctional reagents: and 

X is a dithio compound linked to R and r' through 
thioethers. 

2. A method for producing an immobilized spe- 
cific binding member, comprising the steps ot 

a. reacting a solid phase, having a reactive 
member selected from the group consisting of ami- 
no, carboxyl and thiol groups, with a first coupling 
agent selected from the group consisting of 
heterobifunctional and homobihjnctional reagents, 
thereby forming a solid phase/coupling agent com- 
plex: 

b. reacting an aminated specific binding 
member with a second coupling agent, thereby 
forming a specific binding member/coupfing agent 
complex; 

c. reactir>g said solid phase/coupling agent 
complex with a dithiol compound thereby forming a 
thtolated solid phase/coupling agent complex: arKJ- 

d. reacting said thiotated solid 
phase/coupling agent complex with said specific 
binding member/coupling agent complex thereby 
forming a dithioether crosstinked solid 



phase/specific binding member complex. 

3, A thiotated solid phase, comprising a com- 
pound of the formula: 
B-R-XH 

5 wherein B is a solid phase having a reactive mem- 
beir selected from the group consisting of amino, 
cart>oxyl and thiol groups; 
R Is a coupling agent selected from the group 
consisting of heterobifunctional and homobifunc- . 

10 tional reagents; atK) 

XH is a dithio compound linked to R through a 
Ihioether. 

4 . A method for producing a thiolated solid 
phase, comprising the steps of: 

;s a. reacting a solid phase, having a reaction 

member selected from the group consisting of ami- 
no, carboxyl and thiol groups, vrith a coupling agent 
selected from the group consisting of heterobifunc- 
tional and homobifunctionaJ reagents, thereby for- 

20 ming a solid phase/coupling agent complex; and 

b. reacting said solid phase/coupling agent 
complex with a dithiol compound thereby forming a 
thtolated soHd phase/coupling agent complex. 

5. An immobilized specific binding member. 
25 comprising a compound of the formula: 

B-Q-S-R-M 

wherein B is a solid phase having a reactive mem- 
ber selected from the group consisting of amino 
ar>d cartwxyl groups: 
30 M is an aminated specific binding member 
R is a heterobifunctional coupling agent; and 
Q-S is a thiol Introducing agent 

6. A method for producing an immobilized spe- 
cific binding member, comprising the steps ot 

35 a. reacting a solid phase having a reactive 

member selected from the group consisting of ami- 
no and cart>oxyl groups with a thiol introducing 
agent thereby forming a thiolated solid phase: 

b. reacting .an aminated specific binding 
40 member with a heterobifunctional coupling agent. 

thereby forming a specific binding 
member/coupling agent complex; and 

c. reacting said thiolated solid phase with 
said specific binding member/coupling agent com- 

45 plex thereby forming a crosslinked solid 
phase/specific tending member complex. 

7. A thiolated solid phase made by the process 

of: 

a. reacting a sofid phase, having a reactive 
50 memtjer selected from the group consisting of ami- 
no and carboxyl groups, with a disulfide compound, 
thereby forming a solid phase/disuHide complex; 
and 

b. reacting said solid phase/disulfide com- 
55 plex with a reductant whereby the disulfide is 

reduced to form a thiolated solid phase. 

8. An immobilized specific binding member 
made by the process of: 
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a. reacting a solid phase, having a reactive 
member setected from the group consisting of ami- 
no and cart>oxyl groups, with a disulfide compound, 
thereby forming a solid phase/disulfido comptex; 

b. reacting said solid phass/disulfido com- 
plex with a reductant whereby the disulfide is 
reduced to fonn a thiolated solid phase; and 

c. reacting said thiolated solid phase with a 
specific binding member/coupting agent complex 
comprising an aminated sp>eciflc binding member 
complexed to a heterobifunctionaJ coupftng agent 

9. The invention according to Claim 5 or 6, 
wherein said thiol introducing agent is selected 
from the group consi^ng of thiolanes, succinimidyl 
thioacetates and disulfide compounds which are 
subsequently reduced to a thiol. 

10. The invention according to Claim 5 or 6. 
wherein said thiol introducing agent is 2-im- 
inothiolane. 

1 1 . The invention acgprding to Claim 1 » 2. 5, 6 
or 8 , wherein said specific binding member Is a 
member selected from the group of immunoreac- 
tive specific binding pairs consisting of antigens, 
haptens, antibodies, and complexes thereof includ-. 
ing those formed by recombinant DNA methods or 
peptide synthesis. 

12. The invention according to Claim 11, 
wherein said solid phase is a plastic microparticie 
and wherein said specific binding memt)er is an 
antigen. 

13 . The invention according to Claims 1 to 6. 
wherein said, coupling 3gent(s) is/are heterobifurK:- 
tional reagents. 

14. The invention according to Claims 1 to 6 
wherein said coupling agents are selected from the 
group consisting of maleimido-N-hydroxysuc- 
cinimide active esters and active halogen-N- 
hydroxysuccintmide active esters. . 

15. The invention according to Claim 14, 
wherein said maleimido-N-hydroxysuccinimide ac- 
tive esters are selected from the group consisting 
of /n-maleimidomethyl-N-hydroxy-succinimide es- 
ter; succinimidyl 4-{N-maIcimtdomethyl)- 
cycIohexane-1-cart)oxylate; succinimidyl 4-(p-mal- 
eimidophenyl)butyrate; m-malemidobenzoyl-sul- 
fosuccinimide ester and sulfosuccinimidyl 4-<p- 
maleimidophenyl)butyrate. 

16. The invention according to Claim 14. 
wherein said maleimido-^4-hydroxysuccinimide ac- 
tive esters are selected from the group consisting 
of coupling agents having a spacer represented by 

the formula: 
O 

- (Xn> - C -R- 

wherein X is a substituted or unsubstituted amino 
acid having from three to ten carlxin atoms in a 
straight chain; 
n is from one to ten: and 



R is an alkyl. cycloalkyi, alkyl-cycloalkyi or an 
aromatic cartx>xylic ring. 

17. The invention according to Claim 14, 
wherein said active balogen-N-hydroxysuccinimide 

5 active esters coupling agent is selected (rom the 
group consisting of N-succinimidyl bromoacetate. 
N-succinimidyl (4-iodoacetyl)aminoben2oate and 
sulfosuccinimidyl (4-iodoacetyl)aminobehzoate. 

18. The invention according to Claims 1 to 8, 
fo wherein said solid phase is selected from the 

group consistirig of polymeric beads, microparti- 
cles, tubes, sheets, plates, sKdes, wells, tapes and 
test tubes. 

19. The Invention according to Claims 1 to 6. 
js further comprising incorporating said thiolated solid 

phase/coupling agent complex upon or within a 
support medium. 
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Activotion of a Specific Binding Member Using o Moleimido-NHS Active 
Ester Heterobif unctionol Reagent 

0 ? 0 ? 

PROTEIN -NHg + j^N- 0 - C- R - — ^ ^^0"''^'^ - N - C -R - 

. ^ 6 6 "6 



+ SOLID-SH 



SOLIO-S 9 0 

"[^N-R-C-N- PROTEIN 

II 

0 



H 



FIG. 1 



Activation of a Specific Binding Member Using on Active Halogen -NHS 
Active Ester Heterobif unctionol Reogent 



PROTEIN-NH2 - C - R - C -CHgl 



0 0 
PRdfEIN-N-C-R-C-CHgl 
H 



+ SOLID-SH 



0 0 

SOLID-S-CH2-C-R-C-N- PROTEIN 



H 



FIG. 2 
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Preporotion of o Thioloted Solid Phase Using 2-lminothiolone 

r~\ ""2* 

SOLID-NH2+ y'^^z" ^ SOLID-N-C>.,x-s/ SH 

S H 

FIG. 3 



Dithiol Preporotion of 0 Thioloted Solid Phose 



V 0 0 0 0 

SOLID-NH2+ [^N-0-C-R-C-CH2l " SOLID-N-C-R-C-CHgl 

0 

+ HS-X-SH 



0 0 

SOLID-N-C-R-C-CH2-S-X-SH 



H 



FIG. 4 
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Modification of on Aminoted Solid Phose and Reduction oi Disulfide Group 



SOLID-NH2 + 



S-S-R' 



0 



SOLID-N-C-R-S-R' 
H 



REDUCTANT 



SOLID- N-C-R-SH 
H 



FIG. 5 



Modrf icotion of Corboxyloted Solid Phose and Reduction of Disulfide Group 

0 0 
SOUD-C-OH+ HpN-R-S-S-R' ^^™"^^ - SOLID-C-N-R-S-S-R' 

^ . H 



REDUCTANT 



SOLID-C-N-R-SH 
H 
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